CM 
< 

CO 
CO 
LO 

CM 
CM 
CO 



(19) 




(12) 



(43) Date of publication: 

04.02.1998 Bulletin 1998/06 

(21) Application number: 96305740.1 

(22) Date of filing: 05.08.1996 



Europaisches Patentarrrt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 822 536 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : G09G 3/28 



(84) 


Designated Contracting States: 


• Shinoda, Tsutae, 




AT BE CH DE DK ES FR GB GR IE IT LI LU MC NL 


c/o Fujitsu, Ltd. 




PTSE 


Kawasaki-shi, Kanagawa 211 (JP) 




Designated Extension States: 


• Karfya, Kyoji, 




AL LT LV SI 


c/o Fujitsu, Ltd. 

Kawasaki-shi, Kanagawa 211 (JP) 


(30) 


Priority: 29.07.1996 JP 1 9891 6/96 


• Ueda, Toshio, 


(71) 


Applicants: 


c/o Fujitsu, Ltd. 


Kawasaki-shi, Kanagawa 211 (JP) 


• 


FUJITSU LIMITED 


• Ishida. Katsuhiko, 




Kawasaki-shi, Kanagawa 21 1 (JP) 


c/o Fujitsu, Ltd. 


• 


Mikoshiba, Shigeo 


Kawasaki-shi, Kanagawa 211 (JP) 




Suginami-ku, Tokyo 168 (JP) 


(72) 


Inventors: 


(74) Representative: 


Godsill, John Kenneth et al 




Mikoshiba, Shigeo 


Haseltine Lake & Co., 




Tokyo 168 (JP) 


Imperial House, 


• 


Yamaguchi, Takahiro 


15-19 Kingsway 




Tokyo 150 (JP) 


London WC2B 6UD (GB) 




Toda, Kohsaku 

Takeno-gun, Kyoto 629-32 (JP) 



(54) Method of and apparatus for displaying halftone images 



(57) A method displays a halftone image on a dis- 
play unit by using a frame division technique that divides 
each frame of the halftone image into subframes each 
having a specific sustain discharge period to provide a 
specific intensity level. The method changes the posi- 
tion of the halftone image on the display unit from sub- 



frame to subframe in each frame. The method is 
capable of displaying dynamic halftone images without 
intensity level disturbance, smears, or false colour con- 
tours. 
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Description 

The present invention relates to a method of and an apparatus for displaying dynamic halftone images on for 
example, a gas discharge panel according to a frame division technique without intensity level distuibance or false color 
contours. 

To meet a demand for large thin display units, there have been proposed plasma display panels, gas discharge 
panels DMDs (digital micromirror devices), EL (electric luminescence) display panels, fluorescent display panels liquid 
crystal display panels, etc. 

Among them, the gas discharge panels are considered to be most advantageous for direct-view large HDTV dis- 
play units because they are simple to form a large unit, emit light by themselves, provide high display quality, and 
achieve high response speed. The gas discharge panels display static halftone images without problem They, however 
frequently cause disturbance and deteriorate display quality when displaying dynamic halftone images. It is required' 
therefore, to provide a method of displaying dynamic halftone images without disturbance. 

According to the present invention, there is provided a method of displaying a halftone image on a display unit by 
using a frame division technique that divides each frame of the halftone image into subframes each having a specific 
sustain discharge period to provide a specific intensity level, comprising the step of differing a displayed position of the 
halftone image on the display unit from subframe to subframe in each frame. 

The displayed position in each subframe may be successively advanced between a first position determined by dis- 
play data provided for a first frame and a second position determined by display data provided for a second frame next 
to the first frame. The displayed position in each subframe may be determined according to a motion vector set between 
the first position and the second position. The displayed position in each subframe may be determined according to 
control data determined by a function that is set according to characteristic values of the subframe^ constituting the 
frame and the position of the halftone image in a specific subframe. 

The method may further comprise the steps of displaying the halftone image at the first position in one of the sub- 
frames havmg a highest intensity level; finding a delay time between the highest intensity subframe and each of the 
other subframes; dividing each of the delay times by a frame period; multiplying each of the quotients by the motion vec- 
tor, to provide each subframe vector; calculating positions according to the subframe vectors; and displaying the half- 
tone image at the calculated positions in the corresponding subframes. 

The method may further comprise the steps of selecting one of the subframes as a vector origin; displaying the half- 
one image in the selected subframe; finding a delay time between the selected subframe and each of the other sub- 
frames; dividing each of the delay times by a frame period; multiplying each of the quotients by the motion vector to 
provide each subframe vector; calculating positions according to the subframe vectors; and displaying the halftone 
image at the calculated positions in the corresponding subframes. 

An origin of the motion vector may be determined at a start position of a sustain discharge period of the subframes 
and the delay time of each subframe may be determined at a start position of a sustain discharge period of a corre- 
sponding subframe. An origin of the motion vector may be determined at a center position of a sustain discharge period 
of the subframes, and the delay time of each subframe may be determined at a center position of a sustain discharge 
period of a corresponding subframe. 

When the number of subframes to be turned ON in the frame is smaller than a predetermined number the method 
may further comprise the steps of forming at least one subframe groups; selecting one of the subframe groups as a vec- 
tor origin; displaying the halftone image in the selected subframe group; finding a delay time between the intensity level 
center of the selected subframe group and the intensity level center of each of the other subframe groups; dividing each 
of the delay times by a frame period; multiplying each of the quotients by the motion vector, to provide each subframe 
group vector; calculating positions according to the subframe group vectors; and displaying the halftone image at the 
45 calculated positions in the corresponding subframe groups. 

According to the present invention, there is also provided a method of displaying a halftone image on a display unit 
by using a frame division technique that divides each frame of the halftone image into subframes each having a specific 
sustain discharge per.od to provide a specific intensity level, comprising the step of turning OFF at least one of sub- 
frames that are coupled together when displaying the halftone image with different intensity levels, thereby suppressinq 
so a bright part to be produced by the coupled specific subframes. 

The number of subframes to be additionally turned OFF or ON may be determined according to a scroll speed of 
the halftone image or the intensity levels. The subframes adjacent to the specific subframes may be turned OFF or ON 
when the scroll speed of the halftone image is high. 

Further, according to the present invention, there is provided a method of displaying a halftone image on a display 
ss unit by using a frame division technique that divides each frame of the halftone image into subframes each having a 
specific sustain discharge period to provide a specific intensity level, comprising the step of turning ON at least one of 
subframes that are OFF when displaying the halftone image with different intensity levels, thereby suppressing a dark 
part that are produced by the specific subframes. 
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The number of subframes to be additionally turned OFF or ON may be determined according to a scroll speed of 
the halftone image or the intensity levels. The subframes adjacent to the specific subframes may be turned OFF or ON, 
when the scroll speed of the halftone image is high. 

In addition, according to the present invention, there is also provided an apparatus for displaying a halftone image 

s on a display unit by using a frame division technique that divides each frame of the halftone image into subframes each 
having a specific sustain discharge period to provide a specific intensity level, comprising a motion vector detection unit 
for detecting a motion vector that indicates a moving direction of the halftone image, by comparing display data for a 
first frame of the halftone image with display data for a second frame next to the first frame; and a differing unit for dif- 
fering the display position of the halftone image from subframe to subframe in the first frame according to the motion 

10 vector. 

The apparatus may further comprise a dividing unit for dividing each delay time, which is found between the first 
subframe and each of the other subframes in the given frame, by a frame period and providing each correction value; 
and a frame interpolator for multiplying the display data for the given frame by each of the correction values, to generate 
display data for each of the subframes of the given frame, so that the halftone image is displayed according to the dis- 
75 play data of the subframes. 

According to the present invention, there is provided a method of displaying a halftone image on a display unit by 
using a frame division technique that divides each frame of the halftone image into subframes each having a specific 
sustain discharge period to provide a specific intensity level, comprising the steps of comparing an intensity level of a 
given pixel between consecutive frames when the intensity level of the pixel changes between the consecutive frames; 
20 and enabling or disabling at least one intensity level adjusting subframe in the subframes of the frame of the pixel in 
accordance with the result of the comparing step. 

The step of enabling or disabling the intensity level adjusting subframe may comprise the step of enabling an inten- 
sity level adjusting subframe in the subframes of one of consecutive frames that cause a change in intensity level 
between them, to substantially satisfy the following expressions: S1 ^ S2 + AS ^ S3 or S1 ^ S2 + AS ^ S3 where 
25 S1 is an average of B(t), which is a temporal change in a stimulus on a human eye, before the change of intensity level, 
S2 is an average of B(t) during the change of intensity level, S3 is an average of B(t) after the change of intensity level, 
and AS is an average of a temporal change in a stimulus on a human eye due to the intensity level adjusting subframe. 

The step of enabling or disabling the intensity level adjusting subframe may comprise the step of enabling an inten- 
sity level adjusting subframe to substantially satisfy the following expressions: 0 ^ AS ^ 2(S1 - S2) " or 
30 0 ^ AS ^ 2(S3 - S2) where S1 is an average of B(t), which is a temporal change in a stimulus on a human eye, before 
the change of intensity level, S2 is an average of B(t) during the change of intensity level, S3 is an average of B(t) after 
the change of intensity level, and AS is an average of a temporal change in a stimulus on a human eye due to the inten- 
sity level adjusting subframe. 

The step of enabling or disabling the intensity level adjusting subframe may comprise the step of disabling an inten- 
ds sity level adjusting subframe in the subframes of one of consecutive frames that cause a change in intensity level 
between them, to substantially satisfy the following expressions: S1 =i S2 - AS ^ S3 or S1 ^ S2 - AS ^ S3 where S1 
is an average of B(t), which is a temporal change in a stimulus on a human eye, before the change of intensity level, S2 
is an average of B(t) during the change of intensity level, S3 is an average of B(t) after the change of intensity level, and 
AS is an average of a temporal change in a stimulus on a human eye due to the intensity level adjusting subframe. 
<o The step of enabling or disabling the intensity level adjusting subframe may comprise the step of enabling an inten- 
sity level adjusting subframe to substantially satisfy the following expressions: 0 § AS ^ 2(S2 - S1) or 
0 ^ AS ^ 2(S2 - S3) where S1 is an average of B(t), which is a temporal change in a stimulus on a human eye, before 
the change of intensity level, S2 is an average of B(t) during the change of intensity level, S3 is an average of B(t) after 
the change of intensity level, and AS is an average of a temporal change in a stimulus on a human eye due to the inten- 
ds sity level adjusting subframe. 

The intensity level adjusting subframe may be enabled or disabled at or around the center of original subframes that 
are enabled to provide different intensity levels between consecutive frames. The subframes may be arranged in order 
to enable or disable the intensity level adjusting subframe at or around the center of original subframes that are enabled 
to provide different intensity levels between consecutive frames. The subframes of each frame may be arranged such 
so that one having the highest intensity level and one having the second highest intensity level are not adjacent to each 
other. 

According to the present invention, there is also provided a method of displaying a halftone image on a display unit 
by using a frame division technique that divides each frame of the halftone image into subframes each having a specific 
sustain discharge period to provide a specific intensity level, comprising the steps of comparing display signals provided 
55 for consecutive frames with each other; and enabling or disabling a predetermined bit of the display signals according 
to a result of the comparison. 

The step of enabling or disabling the predetermined bit of the display signals may comprise the step of enabling or 
disabling a predetermined bit of a display signal provided for a given pixel when the intensity level of the pixel is changed 
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enablin9 ° r diSab ' ing an intensity ,evel ac, j ustin 9 sub,ram e ° f the pixel The step of enablinn or Hi, 
Fig. 1 shows subframes that form a frame; 

Fig. 2 shows the ON/OFF states of subframes to display intensity levels 127 arid 128; 
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Fig. 3 shows the ON/OFF states of a first frame to display an intensity level 31 and a second frame to display an 
intensity level 32; 

Fig. 4 shows an intensity level disturbance caused by a prior art; 

Fig. 5 shows another intensity level disturbance caused by the prior art; 
s Fig. 6 shows still another intensity level disturbance caused by the prior art; 

Fig. 7 shows a dark part formed between intensity levels 31 and 32 during a right scroll; 

Fig. 8 shows a bright part formed between intensity levels 32 and 31 during a right scroll; 

Fig. 9 shows a bright part formed during a left scroll of the example of Fig. 7; 

Fig. 1 0 is a block diagram showing a display unit according to the present invention; 
10 Figs. 1 1 A to 1 1 D show the display positions of a halftone image according to a prior art; 

Fig. 12A shows the positions ol a halftone image in the subframes of a given frame according to a first aspect of 

the present invention; 

Fig. 12B shows the timing of turning ON the subframes of a frame;. 

Fig. 13 is a block diagram showing a frame interpolator according to the first aspect of the present invention; 
is Fig. 14 is a flowchart showing the steps of displaying halftone images according to the first aspect of the present 
invention; 

Fig. 15 shows a method of determining the delay time of each subframe; 

Fig. 16 shows another method of determining the delay time of each subframe; 

Fig. 17 shows relationships between subframes and intensity levels according to the first aspect of the present 
20 invention; 

Fig. 18 shows a method of solving the dark part of Fig. 7; 

Fig. 19 shows a method of solving the bright part of Fig. 8; 

Fig. 20 shows a dark part formed between intensity levels 31 and 32; 

Fig. 21 shows a bright part formed between intensity levels 32 and 31 ; 
25 Fig. 22 shows a method of solving the dark part of Fig. 20; 

Fig. 23 shows a method of solving the bright part of Fig. 21 ; 

Fig. 24 shows a table containing reference data used when selecting a subframe according to the first aspect of the 
present invention; 

Figs. 25A and 25B show images scrolled on a screen; 
30 Figs. 26A to 26C show a problem occurring when images are scrolled from the left to the right on a screen; 
Figs. 27A to 27C show a problem occurring when images are scrolled from the right to the left on a screen; 
Figs. 28A and 28B show a method of modulating pulse width and number in a frame according to the present inven- 
tion; 

Figs. 29A to 29C show a principle of displaying halftone images according to the present invention; 
35 Figs. 30A and 30B show an effect of inserting an equivalent pulse; 

Figs. 31 A and 31 B show the conditions of AS produced by an equivalent pulse; 

Figs. 32A to 32F show the area of each pixel according to the principle of Figs. 29A to 29C; 

Figs. 33A to 33C show another principle of displaying halftone images according to the present invention; 

Figs. 34A and 34B show an arrangement of bits that represent subframes according to the present invention; 
40 ' Figs. 35A to 35C show another arrangement of bits that represent subframes according to the present invention; 

Figs. 36A and 36B show simulations made at a first image moving speed with and without the halftone displaying 

method of the present invention; 

Figs. 37A and 37B show simulations made at a second image moving speed with and without the halftone display- 
ing method of the present invention; 
45 Figs. 38A and 38B show simulations made at a third image moving speed with and without the halftone displaying 

method of the present invention; 

Figs. 39A to 39D show the effect of the present invention with images being moved horizontally; 
Figs. 40 A and 40B show the effect of the present invention with images being moved diagonally; 
Figs. 41 A to 41 D show the effect of the present invention on a static image; 
so Figs. 42A to 42D show another effect of the present invention on a static image; 

Figs. 43A to 43D show still another effect of the present invention on a static image; 
Figs. 44Ato 44D show still another effect of the present invention on a static image; 
Fig. 45 is a block diagram showing a display unit according to the present invention; 

Fig. 46 is a block diagram showing a unit for inserting a light emission block to adjust an intensity level according 
55 to the present invention; 

Fig. 47 is a block diagram showing a unit for adding a light emission block to adjust an intensity level according to 
a first embodiment of the present invention; 

Fig. 48 is a block diagram showing a concrete example of the unit of Fig. 47; 
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Fig. 49 is a logic circuit diagram showing a unit for determining an equivalent pulse; 
Fig. 50 is a logic circuit diagram showing a unit for determining an equivalent pulse; 
Fig. 51 is a block diagram showing another concrete example of the unit of Fig. 47; 

Fig. 52 is a block diagram showing a unit for adding a light emission block to adjust an intensity level according to 
a second embodiment of the present invention; 

Fig. 53 is a block diagram showing a concrete example of the unit of Fig. 52; 
Fig. 54 is a block diagram showing another concrete example of the unit of Fig. 52; 

Fig. 55 is a block diagram showing a unit for inserting a light emission block to adjust an intensity level according 
to the present invention; 3 

S 9 . 56 b ' OCk d ' agram Sh0Win9 3 unit for addin9 a li9ht ^'ssion block to adjust an intensity level according to 
third and fourth embodiments of the present invention; 

Fig. 57 is a block diagram showing a concrete example of the unit of Fig. 56 according to the third embodiment 
ment " * dia9ram showin 9 another concrete example of the unit of Fig. 56 according to the third embodi- 

Fig. 59 is a block diagram showing a concrete example of the unit of Fig. 56 according to the fourth embodiment 
Fig. 60 .s a block diagram showing another concrete example of the unit of Fig. 56 according to the fourth embod- 
iment; ~ 

Rg. 61 is a block diagram showing a modification of the unit for inserting the light emission block of Fig 46 
Fig. 62 .s a block d.agram showing another modification of the unit for inserting the light emission block of Fig 46- 
Fig. 63 is a flowchart showing the operation of a display unit according to the present invention- and 
Fig. 64 is a flowchart showing the operation of another display unit according to the present invention. 

For a better understanding of the preferred embodiments of the present invention, the prior art will be explained 
J °°" vent,0 " al mem ° r Hype gas discharge panel displays halftone images according to a frame division technique 
SS ZT 6 e°£,M a J?i 3n im39e int ° N subframes «** Raiding a specific intensity level. The subframes are SFO 
SF1 SF2 ... SF(N-1) that prov.de intensity levels of 2°. 2 1 , 2 2 2 N1 . respectively. Each frame displays a given inten- 
sity level by enabling and disabling the subframes thereof, and the human eye sees the sum of the intensity levels of 
enabled subframes of the frame due to the persistence characteristic of the human eye. The number of intensity levels 
realized in each frame by combinations of subframes is 2 N . 

Figure 1 shows eight subframes (N = 8) SFO.to SF7 contained in a frame. The subframe SFO represents a lowest 
intensity evd and conesponds to a least significant bit bO of display data. The subframe SF7 represents a highest 
intensity level and corresponds to a most significant bit b7 of display data. 

If frames that represent similar intensity levels with quite different combinations of subframes alternate flicker will 
occur to deteriorate display quality. 

Figure 2 shows the statuses of subframes of frames that display intensity levels 127 and 128 As shown in Fia 2 
in me intensity level 127, the subframes SFO to SF6 are enabled (turning ON) and the subframe SF7 is disabled (turning 
■ZH ,™ ? er ' ' n * he in1enSity ,6Vel 128 ' the subframes SFO to SF6 are disabled (OFF) and the subframe SF7 

IS enSDleu (ON). 

When these frames are alternated, there will be a frame period containing only OFF subframes and a frame period 
40 containing only ON subframes. 

These ON and OFF frames are alternated to cause flicker. This phenomenon frequently occurs due to conversion 
errors or no.se when converting an analog image involving smoothly changing intensity levels into a digital image The 
conversion errors or noise are amplified into flicker to deteriorate display quality 

To suppress flicker, Japanese Unexamined Patent Publication No. 3-145691 amanges the subframes of each frame 
« in order of SFO, SF2, SF4, SF6, SF7, SF5, SF3, and SF1. 

Flicker occurs when frames that display similar intensity levels with quite different combinations of subframes are 
alternated. The flicker becomes stronger as intensity levels increase. To solve flicker, Japanese Unexamined Patent 
Pubication No. 4-127194 halves the highest intensity level subframe and inserts a subframe having a lower intensity 
level between them. 3 

Japanese Unexamined Patent Publication No. 5-127612 reports that the frame division technique sometimes pro- 
v.des rough, low-quality dynamic images, and proposes a method of improving the frame division technique 

The proposal employs a unit for doubling a frame frequency of less than 70 Hz in a display unit. Each frame of the 
doubled frame frequency has at least one normal-bit subframe including a highest-intensity-level subframe and at least 
one under-bit subframe. The disclosure displays a static image with every two frames representing an intensity level 
and a dynam.c .mage with every frame representing an intensity level. This technique creates display data for the dou- 
bled frames according to input display data. 

Figure 3 shows a first frame displaying intensity level 31 and a second frame displaying intensity level 32 The first 
and second frames are doubled frames. In the first and second frames, subframes 31a and 32a provide an identical 
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intensity level, and subframes 31b and 32b provide another identical intensity level. These subframes are normal-bit 
subframes. The other subframes are under-bit subframes. 

The prior art may cause no intensity level disturbance when displaying static images or slow dynamic images. It, 
however, causes intensity level disturbance when displaying fast dynamic images. The intensity level disturbance will 
5 be explained with reference to Figs. 4 to 7 in which each frame consists of six subframes that are arranged in order of 
SF5. SF4, SF3, SF2, SF1, and SFO. 

Figures 4 to 6 show different types of intensity level disturbance according to a prior art and Fig. 7 shows a dark 
part formed between intensity levels 31 and 32 during a right scroll. 

A vertical blue line is displayed with the subframe SF5 being enabled (turned ON) and is scrolled from the right to 
10 the left. When the blue line is scrolled at a speed of a pixel per frame, the human eye sees as if it is smoothly moving 
even over red and green subpixels that are not turned ON actually. The smooth movement is visible even when the blue 
line is moved at a speed of several pixels per frame. This phenomenon occurring on the human eye is called an "appar- 
ent motion" or "p motion" in psychology. 

In Fig. 4, a vertical blue line is displayed with the subframes SF5 and SF4 being enabled and is scrolled from the 
15 right to the left at a speed of a pixel per frame. In this case, the human eye sees the subframes SF5 and SF4 being 
spatially separated from each other. Although the subframe SF5 of a blue subpixel is enabled in Fig. 4, the human eye 
sees as if it is moving over red and green subpixels. 

When the subframe SF4 is turned ON after a write period of about 2 msec after turning ON the subframe SF5, the 
human eye sees as if the subframe SF4 follows the subframe SF5 in the scrolling direction. If all subframes of each 
20 frame are enabled and scrolled as shown in Fig. 5, they are viewed as if they are spatially separated from one another. 

Figure 6 shows a vertical blue line displayed with the subframes SF5 to SFO being enabled and scrolled from the 
right to the left at a speed of two pixels per frame. Due to the extended intervals to two pixels, the human eye sees faster 
movements of the subframes. When the subframe SF4 is turned ON, the subframe SF5 is ahead thereof. Namely, the 
human eye sees the subframes spreading for a distance corresponding to a frame period. 
25 Although the subframes of each frame actually emit light in the same pixel, the human eye sees as if they emit light 
in different pixels when a dynamic image is displayed. In this case, an intensity level assigned to a given frame is not 
displayed as the sum of the subframes of the frame, thereby causing intensity level disturbance. 

Figures 7 and 8 show dark and bright parts that appear between specific intensity levels when displaying a halftone 
image of a single color and scrolling the image. 
30 In the figures, each frame consists of six subframes SF5 to SFO that are arranged in descending order of the inten- 
sity levels thereof. A halftone image is displayed with blue whose intensity level is gradually increased from the left to 
the right, and the image is scrolled to the right. A dark part appears between specific intensity levels that involve quite 
different numbers of ON subframes. 

Such dark part is produced between, for example, intensity levels 31 and 32, 15 and 16, or 7 and 8. In Fig. 7, the 
35 image is moved at a speed of two pixels per frame, and a dark part appears between intensity level 31 , which is realized 
by enabling (turning ON) the subframes SF4 to SFO, and intensity level 32, which is realized by enabling the subframe 
SF5 alone. 

The dark part occurs because the subframes are spatially separated from one another when displaying dynamic 
images. The dark part of Fig. 7 extends for one pixel, i.e., three red (R), green (G), and blue (B) subpixels. 
40 When the image is scrolled to the left, a bright part occurs between intensity levels 31 and 32 as shown in Fig. 9. 

When displaying a dynamic image with single color or with the same subframes being enabled in each subpixel of 
a given pixel, the image may involve a dark or bright part. When displaying a dynamic image with different subframes 
being enabled in the subpixels of a given pixel, the image may involve unwanted colors. 

For example, false color contours of amaranthine and green appear along the flesh-colored cheek of an image of 
45 a person displayed, when the person displayed looks back. 

Next, preferred embodiments of the present invention will be explained with reference to the drawings. 
A first aspect of the present invention provides a method of displaying a halftone image on a display unit according 
to a frame division technique that divides each frame of the halftone image into subframes each having an addressing 
period and a specific sustain discharge period to provide a specific intensity level. When displaying dynamic halftone 
so images, the method differs the position of each frame of image on the display unit from subframe to subframe. More 
precisely, the method successively advances the position of each dynamic image on the display unit from subframe to 
subframe between a first position determined by display data provided for a given frame and a second position deter- 
mined by display data provided for the next frame. The method determines the position of the dynamic image in each 
subframe according to a motion vector set between the first and second positions. 
55 Figure 10 is a block diagram showing a display unit employing a halftone image displaying method according to a 
- first embodiment of the first aspect of the present invention. The display unit 1 has a display panel 2, an X-decoder 3- 
1 , an X-driver 3-2, a Y-decoder 4-1 , a Y-driver 4-2, and a controller 5. The controller 5 controls the decoders and drivers, 
which drive the panel 2. 



7 



BNSDOCID: <EP 0822536A2_L> 



EP 0 822 536 A2 



iniJJ^Z 1?t„ ""T ,? be c d ! s P ,a y ed on the P an e' 2 consists of subframes that are combined to display a required 
.mens.ty level. The controller 5 divides each subframe into an addressing period and a sustain discharge period The 

TSS^SS^ "ft**?" iS S6t t0 Pr ° Vide an intenSity ,eve ' Specific to *» subframe - AveXSector 
Lm Zi hS2 ,n .?ff in9 u the m0Vin9 direCti ° n 0f an ima 9 e accordin 9 to dis P la V data provided for a given 

ingStagrw^ 

« m0 hT Vement ca,cu,a l or 7 has a divider and a ™Wplier. The movement calculator 7 finds, in each frame a delay 

SE^J^fi^fi*" ' ^ SUbframe ' diVidSS the d6,ay time by a frame perio * multi P ,ies thJiSS 
by the motion vector detected by the vector detector 6, and calculates a movement for the subframe A posrtioner 8 

IrSSator °S P y ' ma9S aCC ° rd ' n9 * P ° Siti ° n determined «V the positioner 8. These units 6 to 9 form a frame 

More precisely, the vector detector 6 compares display data for a given frame with display data for the next frame 

ZZHFV m ° t,0n V6Ct0r th3t indiCa,6S the ^ dir6Cti0n ° f 3 dynamic ha,ftone ima 9 e She 
play data. The movement calculator 7 finds a delay time between a given subframe and the first subframe d vides ttfe 

delay t,me by a frame period, to provide a correction value, multiplies the motion vector by the correction value and oal 
culates a movement for the subframe. The positioner 8 determines the position of an image to be displayed I fn 
EEESE? th f h m ° Vement b ' the ™— t ca.cu.ator 7. The display Lruction untt 9 prides an 

zc^:fzz^™^ 9 to *• position determined by *• posHi ° ner * The - •» ™«™ *~ « 

Figures 1 1 A to 1 1 D show the display positions of a halftone image according to a prior art The halftone imaae is 
Sta^ 1 p < I ' 9 1 1 B ' the ,ma9e iS display6d at a P° sition P2 havi "9 coordinates (X2 Y2) in 

fram^S^ 

a5n S 2A ShOW ; S the pOSitions of the same halftone ima 9e in the subframes of a given frame according to the first 
aspect of the present mvention, and Fig. 1 2B shows the timing of enabling the subframes 

roc „ . e to , the apparent motion of the numan e V e - *e display positions of the subframes SF5 to SFO are P15 to P10 
respect.vely, as shown in Fig. 1 1D. These display positions are expressed as follows: 



P10 = P1 +a 0 A 
= (X1, Y1) 



P11=P1 +ai A 

= (X1 +ai (X2-X1). Y1 + ai (Y2- Y1)) 
P12 = P1 + a 2 A 

= (X1 + a 2 (X2 - X1), Y1 + a 2 (Y2 - YD) 
P13 = P1 +a 3 A 

= (X1 +a 3 (X2-X1), Y1 +a 3 (Y2-YD) 
P14 = P1 +a 4 A 

= (X1 + a 4 (X2 - X1). Y1 + a 4 (Y2 - YD) 
P15 = P1 +a 5 A 

= (X1 +a 5 (X2-XD.Y1 +a 5 (Y2-YD) 



where 

a 0 = (f s -t 5 )/t F 
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a 1 


= (t 5 


-t 4 )/t F 


a 2 


= (t 5 


•t 3 )/t F 


a 3 


= (t 5 


■t 2 )/t F 


a 4 


= «5 


■t,)/t F 



a 5 = t 5 /t F 

10 

PI = (XI, Y1) 
A = (X2-X1, Y2-Y1) 

75 As shown in Fig. 11 D, the image is seen at different positions in the subframes, respectively, according to the prior 
art, to provide unwanted intensity levels or colors and cause intensity level disturbance or false color contours. On the 
other hand, the first aspect of the present invention compares display data provides for consecutive frames with each 
other, detects a motion vector, finds in each frame a delay time between a given subframe and the first subframe, 
divides the delay time by a frame period, to provide a coefficient, multiplies the motion vector by the coefficient, and cal- 

20 culates a display position for each subframe, thereby suppressing intensity level disturbance or false color contours and 
improving display quality. 

As shown in (1) to (6) of Fig. 1 2A, the first aspect of the present invention gradually moves the image from the first 
display position P1 to the second display position P2 according to calculated data. 

The first aspect of the present invention determines a motion vector according to a first position of display data pro- 
25 vided for a given frame and a second position of display data provided for the next frame. 

Figure 12B shows a frame consisting of six subframes SF5 to SFO that are arranged in this order. The subframe 
SF5 provides the highest intensity level and the subframe SFO provides the lowest intensity level. 

Figure 12A(1) shows that thefirst subframe SF5 of the frame n is carrying out sustain discharge. The subframe SF5 
displays an image according to the display data D1 at the first position P1 (Ql 0). 
30 The second display position P2 indicated with a dotted line is a position where the frame n+1 displays the image. 

The motion vector A indicates display coordinates or the moving state of a display block (Xij) between the frames 
n and n+1 . 

Figure 12A(2) shows that the second subframe SF4 of the frame n is carrying out sustain discharge to display the 
image at a position Q11 between the positions P1 and P2. 

35 The present invention uses a delay time t1 between the sustain discharge of the subframe SF4 and the sustain dis- 
charge of the subframe SF5 as a control factor. The delay time t1 is divided by a frame period tp and the quotient is 
multiplied by the motion vector A, to calculate the position Q1 1 . 

In Fig. 12A(2), the quotient t1/t F is multiplied by the motion vector A, to provide an individual vector A1 according 
to which the display position Ql 1 for the subframe SF4 is determined. 

40 Similarly Figs. 12A(3) to 12A(6) show display positions Q12 to Q15 for the subframes SF3 to SFO, respectively. 
These positions are calculated according to individual motion vectors A2 to A5 found for the subframes SF3 to SFO, 
respectively. The vectors AO to A5 are obtained as follows: 



AO = 0 x A 


(1) 


A1 = (t1 / tF) x A 


(2) 


A2 = (t2 / tF) x A 


(3) 


A3 = (t3 / tF) x A 


(4) 


A4 = (t4 / tF) x A 


(5) 


A5=(t5/tF) x A 


(6) 



55 

The display positions Q1 0 to Q1 5 are expressed as follows: 

Q10 = P1 + A0 = (X1, Y1) 
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Q11 = P1 +A1 

= (X1 + (t1 / tF)Ax, Y1 + (tl /tF)Ay) 
Q12 = P1 + A2 

5 = (X1 + (t2 / tF)Ax, Y1 + (t2 / tF)Ay) 

Q13= P1 +A3 

= (XI + (t3 / tF)Ax, Y1 + (t3 / tF)Ay) 

" Q14 = P1+A4 

= (XI + (t4 / tF)Ax, Y1 + (t4 / tF)Ay) 

Q15= P1 + A5 

= (X1 + (t5 / tF)Ax, Y1 + (15 / tF)Ay) 

15 

where Ax and Ay are the X and Y components of the motion vector A. 

Ax = X2 - X1 
Ay = Y2 - Y1 



20 



25 



30 



35 



40 



45 



50 



55 



a sole Mc Z JnS 1 i ™ 6 P ; 6S6nt ' nVenti0n divid6S each frame into at ,east *«> subframes that provide each 

a spec f ic .ntensity level. The movmg d.rection and size of a display image of each frame are detected pixel bv 11 nr 
p.xel block by pocel block. The first subf rame of the frame displays the image as it is. and ^eneTstSa^^sZ 
image at a pos.t.on shifted from the first position in the moving direction subframe displays the 

tor o^fn° Thf t0 i 6 ' 3SPeCt ' rt iS preferable t0 make the subframe that provides the highest intensity level as a vec- 
tor ongia The subframe servmg as the vector origin displays an image without moving it 

for «T* aSP *? °! the present invention ,or ^ s a m °tion vector for a given frame according to display data orovided 
for the frame and display data provided for the next frame, and prepares display data for each subf 2 of toJZZtt 

tenT^r 9 10 ^ T 0 " VeCt0n ™ S teChnique diSp,ays dynamic ^^^SS^^ 
frames erf each frame, thereby preventing intensity level disturbance and false color contours 

Rot, c emP '° yS th f f Tu e interpola,or 10 ( R 9- 1 °) *° create display data for each subframe 

Rgu e 13 shows an example of the frame interpolator 10 according to the first aspect of the presert invention 

a fra l e " " me J m !: POlator 10 ^ 3 V9Ct0r d6teCt ° r 6 ' Which consiste * a fra ™ ™nSry 61 ^storing dilate for 
we'fas displ^datatte 7-" T*™** **** *" for the frame n from thfKi'SSjS as 

display d?ta forlhl f ™ „ f ♦ ' 3 ? d aCC ° rd ' n9 10 theSe pieces of data ' provides a ™*°n vector A for the 

sSrame SF Ln7tK Hnht'^ !"T ^7 ? ** 3 d6 ' ay time tn between the N 9 ht emissi ° n *™Q of a given 
subframe SF n and the light emisston timing of the first subframe. divides the delay time by a frame oeriori tF for e «m 

TJ ™f ■? Pr ° Vide 3 COntr0 ' fUnCti ° n ,n/tF ' mu,tipNes the contro1 fun <*™ Tn tF b - he SSSr A*iSS" 
culates an .ndividual motion vector An for the subframe SFn 

mnt^n P0S !f n ! r 8 d f ermines the position of i™ge to be displayed in the subframe SFn according to the individual 
mot.on vector An. The posrtiona. data is supplied to the control.er 5 of the display unit 1 f^X^S^ 

Figure 14 is a flowchart showing the steps of the method according to the first aspect of the present invention 

Step S2 reads a second display position P2 of the image in a second frame n+1 
asubf^mTsFn^^^ 

SF^Sl 53 ^ tn betW6en thS Hght 6misSi0n ,imin9 of the SUD,rame SFn that of the first subframe 

il??n? k u d9 ay time tn b/ 3 ,rame Peri ° d ,F and pr ° vides a control func «°n tn/tF. Step S7 mulSSe 
control funct.n tnj by the motion vector A and calculates an individual motion vector An for the subframTsFn 

*uJlZ» !♦ , a96 Jf 3 Ca ' CUla,ed diSp ' ay P0siti0n St6p S9 checks t0 see if the subframe SFn is the last 
subframe. If it .s not the last subframe. step S1 0 increments n by one. and step S4 is aoain carried out l7thl c, Sr™ 
SFn ,s the last subframe in step 89. step S1 1 increments the frame t^Tt^^^^^^S 
These steps are repeated until all frames are displayed 9 Ut 

of deternin?t h hr s S ame. eXamPle °' det6rminin9 ^ ^ ° f eaCh SUbframe ' and R «- 1 6 another example 
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The technique of Fig. 15 sets a delay time start point at the center of the light emission period of a subframe that 
serves as the origin of a motion vector. The delay time of a given subframe is measured between the start point and the 
center of the light emission period of the given subframe. 

The technique of Fig. 1 6 is employed when the number of subframes to be turned ON (enabled) is smaller than the 
5 total number of subframes. In this case, the subframes are grouped so that the number of groups is equal to the number 
of subframes to be enabled. The center of each group is used to calculate a delay time. 

In Fig. 16, the number of subframes contained in each frame is six, and the number of subframes to be enabled is 
three. The origin of a motion vector is set at the temporal center of the light emission periods of the first two subframes 
SF5 and SF4, i.e., at a position corresponding to a reciprocal of the ratio of intensity levels of the subframes SF5 and 
w SF4. A point for measuring the delay time of a given subframe group is set at the center of the intensity levels of the 
subframe group. 

Another embodiment of the first aspect of the present invention will be explained. 

As explained above, the conventional frame division technique causes the apparent motion when displaying 
dynamic images so that the human eye sees the subframes of each frame spatially separated from one another. The 
is following embodiment solves this problem. 

Figure 1 7 shows a frame consisting of six subframes SF5 to SF0. The intensity levels provided by the subframes 
gradually increase from SF0 to SF5. 

Returning to Fig. 7, there is an image consisting of four pixels among which three display intensity level 31 and one 
displays intensity level 32. The image is scrolled to the right at a speed of two pixels per frame. The scroll speed is slow, 
20 and only a blue subpixel is enabled (turned ON) in each pixel, i.e., red and green subpixels in each pixel are disabled 
(turned OFF). A time point for enabling the subframe SF5 is a reference time point. 

According to Figs. 7 and 17, it is understood that a three-subpixel interval between pixels 31(3) and 32(1) involves 
no light emission, to produce a dark part S. The present invention forcibly emits light during the three-pixel interval, to 
suppress the dark part S. In Fig. 7, an additional subframe will be enabled in the pixel 32(1), to increase the intensity 
25 level of the pixel 32(1) higher than 32. 

Returning to Fig. 8. there is an image consisting of four pixels among which two display intensity level 32 and two 
display intensity level 31 . The image is scrolled to the right. 

A three-subpixel interval between pixels 32(2) and 31(1) involves much light emission, to produce a bright part M. 
The present invention forcibly turns OFF some subframes, to suppress the bright part M. In Fig. 7, some subframes in 
30 one of the pixels 31(1) and 31(2) are turned OFF, to drop the intensity level of the pixel in question below 31. 
Any image scrolled leftwards, rightwards, or vertically is handled in the same manner. 

Figure 9 shows the same image as Fig. 7 but scrolled to the left. Figure 9 produces a bright part M instead of the 
dark part S of Fig. 7. Namely, dark and bright parts appear oppositely when the horizontal scrolling direction is reversed. 

Vertical scrolling causes no false color contours because each vertical stripe made of the same kind of subpixels 
35 involves a single color. The vertical scrolling, however, causes dark and bright parts, which may be removed by the 
same processes as for the horizontal scrolling. 

Figure 18 shows a method of solving the dark part S of Fig. 7 encircled with a dotted line. The subframe SF2 of the 
pixel 32(1) is additionally enabled (turned ON), to increase the intensity level of the pixel 32(1) from 32 to 36, thereby 
suppressing the dark part S. 

40 Turning ON the subframe SF2 is effective to suppress the dark part S only when the scroll speed is slow. If the scroll 
speed is fast, the subframes SF2 and SF3 will be turned ON to suppress the dark part S. 

As a scroll speed increases, the number of subframes to be additionally turned ON must be increased. 
Figure 19 shows a method of solving the bright part M of Fig. 8 encircled with a dotted line. The subframes SFO to 
SF2 of the pixel 31(1) are turned OFF (disabled), to decrease the intensity level of the pixel, thereby suppressing the 
45 bright part M. 

Turning OFF the subframes SFO to SF2 is effective to suppress the bright part M only when the scroll speed is slow. 
If the scroll speed is fast, the subframes SFO to SF3 will be disabled to suppress the bright part M. 

Figure 20 shows an image consisting of six pixels with four displaying intensity level 31 and two displaying intensity 
level 32. The image is scrolled to the right at a speed of four pixels per frame. A dark part S of Fig. 20 is wider than that 
so of Fig. 7 scrolling at a speed of two pixels per frame. To suppress the wide dark part S of Fig. 20, not only the subframes 
SF2 and SF3 of the pixel 32(1) but also the subframe SF2 of the pixel 32(2) must be additionally turned ON as shown 
in Fig. 22. According to psychological tests, only turning ON the subframes SF2 and SF3 of the pixel 32(1) was insuffi- 
cient to suppress the dark part S, and additionally turning ON the subframe SF2 of the pixel 32(2) was effective to can- 
cel the same. 

55 Namely, changing the intensity levels of the pixels 31(4), 32(1), and 32(2) to 31, 44. and 36, respectively sup- 

presses the dark part S as well as false color contours. 

Figure 21 shows an image consisting of five pixels with three displaying intensity level 32 and two displaying inten- 
sity level 31 . The image is scrolled to the right at a speed of four pixels per frame. A bright part M of Fig. 21 is wider and 
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brighter than that of Fig. 8 scrolling at a speed of two pixels per frame 
ceS^P^^'**^^ 

mJ£ " u "* er * a * lram « <° additionally enabled or disaMed la determined according to the scroll meed « 

F^otSSS: l™ naHy tUmed ° r °* - — 6 — * ^ a .abTetshown in 
framjj t^oiCSTs^ *" *"* ^ ° f ^ ^ ™ y tU " ° FF " ON «" *e next 

(for eTamJS e ^ b TJ i r ent ?? 6 f irS * aspec1 of the P resent ^ntton detects a motion vector for each pixel or pixel block 
(for example, 16 x 16 pixels) according to display data provided for consecutive frames The first c,*#™«l^T 

tiallv «n!S^ SO ' VeS Pr u b ' em ° f ,hS apparent motion that ,he ^frames of a frame of a dynamic image are soa 

«^o^£mo£c^1I, ° n 3 * yn T: C im39e diSP ' ayed aCCOrding to the P rior art wi « b * «P'™ed with ref- 
erence to Figs. 25A to 27C. In the figures, each frame consists of subframes SFO to SF7 with the subframe <5Fn nZ 

-ng the lowest intensity level and the subframe SF7 providing the highest intensity level ° ^ 

chJ * 25A shows a dy^mic image scrolled from the left to the right at a speed of a pixel per frame and Fia 2<sr 
shows a dynam,c image scrolled from the right to the left at a speed of a pixel per frame In fL 2^7^ 2 I 
nate indicates time t. and an abscissa indicates a spatia. position x. ReS^^ 

to a distance (or length) determined by moving the image in one frame period corresponds 

Intensity level 127 is realized by enabling (turning ON) the subframes 'SFO to SF6 and disablino fturninn off. th» 

1f7 For'th L n,6 7 ity T 1 128 iS reali26d by ,Urnin9 ° FF the subframes SF0 *> and Lrn ng O Ssu im 
For th e sake of simplicity, each pixel has no area in Figs. 26A and 27A. subframe 
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When the image having intensity levels 1 28 and 1 27 is scrolled from the left to the right, an intensity level K(x) at a 
position x on the retina forms a gap between the pixels that display intensity levels 128 and 127 as shown in Fig. 26B. 
As a result, a stimulus L(x) on the retina drops to form a valley between intensity levels 128 and 127 as shown in Fig. 
26C. 

5 Integrated stimuli for x = 2.5 to 3.5, x = 3.5 to 4.5, and x = 4.5 to 5.5 are L(1), L(2), and L(3), respectively, and are 

expressed as follows: 

L(1)*L(3) » L(2) 

w Due to this, a dark line DL appears between the pixels that display intensity levels 128 and 127. This is the intensity 
level disturbance. 

The stimulus L(x) on the retina is expressed as follows: 

X + O.S 

'5 L(x) = j* K(x)dx 

X- 0.5 



Where, X denotes an optional integer. Note that, in the above equation, the integral area is determined from X-0.5 to 
20 A.+0.5, but the integral area can be variously determined. Nevertheless, this integral area is preferably determined to 

coincide with the area where the intensity level disturbance is caused. 

When the image having intensity levels 1 28 and 1 27 is scrolled from the right to the left, an intensity level K(x) at a 

position x on the retina is continuous between the pixels that display intensity levels 128 and 127 as shown in Fig. 27B. 

As a result, stimulus L(x) on the retina reaches a peak between intensity levels 128 and 127 as shown in Fig. 27C. 
25 Integrated stimuli for x = 2.5 to 3.5, x = 3.5 to 4.5, and x = 4.5 to 5.5 are L(1), L(2), and L(3), respectively and are 

expressed as follows: 

L(1)*L(3) « L(2) 

30 Due to this, a bright line BL appears between the pixels that display intensity levels 128 and 127. 

When an image consisting of green subpixels displaying intensity levels 128 and 127, respectively, and a red sub- 
.. pixel displaying intensity level 64 is moved from the right to the left, a dark line appears between the green subpixels 
that display intensity levels 128 and 127. At this time, the red subpixel keeps intensity level 64 because it has no inten- 
sity level boundary. The human eye combines the subpixels and sees a red color in the green dark line, to thereby cause 
35 a false color contour. 

This phenomenon frequently occurs in a flesh-colored part where intensity levels smoothly change. For example, 
false color contours of red and green appear along the flesh-colored cheek of an image of a person displayed, when 
the person displayed looks back. 

Figures 28A and 28B show image displaying techniques to which the present invention is applied. The technique 
40 of Fig. 28 A corresponds to that of Fig. 1 . 

The technique of Fig. 28A divides each frame into subframes each having separate addressing and sustain dis- 
charge (light emission) periods. The technique of Fig. 28B distributes an addressing period into sustain discharge peri- 
ods. 

Figures 29A to 29C show a principle of displaying halftone images according to the second aspect of the present 
45 invention. These drawings correspond to Figs. 26A to 26C, respectively. 

When L(1) ~ L(3) » L(2) to form a dark line DL between the pixels that display intensity levels 128 and 127, an 
equivalent pulse (subframe, or light emission block) is enabled to apply a stimulus AL(4) as follows: 

if L(1) > L(3) then L(1) * L(2) + AL(4) is L(3) 

50 

if L(1) < L(3) then L(1) * L(2) + AL(4) ^ L(3) 

In Figs. 29A and 29B, an equivalent pulse EPA is enabled with respect to a dark line caused between intensity lev- 
els 1 28 and 1 27 that are scrolled from the left to the right. As a result, the stimulus L(2) at an interface between intensity 
55 levels 128 and 127 is increased by Al_(4) as shown in Fig. 29C. thereby preventing smears or false color contours. 

The first principle of the second aspect of the present invention provides a method of displaying a halftone image 
on a display unit with each frame of the halftone image having subframes that have individual intensity levels and are 
combined to provide a required intensity level. The method includes the step of Enabling an intensity level adjusting sub- 
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poral change ,n a stimulus on the human eye due to the intensity level adjusting subframe. 
AS is determined to substantially satisfy OsiSs 2(S1 - S2) or 0 s AS s 2(S3 - S2) 
Figures 30A and SOB show an effect of inserting an equivalent pulse to turn ON a subframe In Fio 30A an ordi 

2S SSFT!** 8miSSi0n int6n ^ l(t) ' and an 3,5501553 re P resente time I ln Flo. 30B, an orfina, ^ Resents stS- 
ulus B(t) or, the human eye. and an abscissa represents time t. Reference marks IF to 4F represent framl 

im^£?T£l1Z E * SLS **J? 'TT AS iS add6d t0 an aV6r39e 82 ° f ^SulS between 

form^S^F^ 

As indicated with a dotted line in Fig. 31 A, it is ideal that AS = S1 - S2 , or AS = S3 - S2 It is however difficult to 
secure the .deal value, and therefore. AS is set in a given range in practice ' " t0 

As indicated with a dotted line in Fig. 31 B. the maximum value of AS is 2(S1 - S2) or 2(S3 - S2) If AS exceeds th* 
maxrmum value, false color contours worsen. It is understood that AS provides some eS if it S n ^tfth! 
Accordingly, AS may be determined as 0 s AS s 2 (S1 - S2) or 0 « AS s (S3 S2T ^ 

26C and 29A to 29C show each pixel without area. In practice, each pixel has a predetermined area and therefore th* 

Figures 33A to 33C show another principle of displaying halftone images according to the second asnect of th« 
present invention and correspond to Figs. 27A to 27C. **uraing IO me second aspect of the 

When L(l) * L(3) « L(2) to form a bright line BL between the pixels that display intensity levels 128 and 1?7 an 
equivalent pulse (subframe. or light emission b.ock) is disabled (turned OFF) to ^eaSZlZlV^^: 

if L(1) > L(3) then L(1) § L(2) - AL(4) s L(3) 

if L(1) < L(3) then L(1) s L(2) - AL(4) s L(3) 

level^ F 2? a 'rSt A 9 7* a f B " ^ ^f ent ^' Se EPA iS diS3bled With res P ect to a bri 9 h1 lin * caused between intensity 
levels 1 28 and 1 27 that are scrolled from the right to the left. As a result, the stimulus L(2) at an interface between Sen 
sity levels 28 and 127 ,s decreased by AL(4) as shown in Fig. 33C. thereby preventing false co or contouT 

o.avi™ TSST • S ! C ° nd PrinCiP ' e ° f the SeC ° nd 3Spect of the P resent provides a method of dis- 

E?t . T I" 1 " 6 ° n 3 diSP,3y Unit With 63Ch ,r3me of tne halftone ima 9e having subframes that h^v^ndiv dual 
n en!' " i f T T COmbin&d t0 prOVide 3 ret * uired intensi * ,evel - Th * method includes the step of diaS no an 
ntensity leve adjusting subframe in the subframes of one of consecutive frames that display different imenS evets 
to substantially satisfy an expression of S1 s S2 - AS § S3 or S1 s S2 - AS e S3 , J^sTteTi^^Sf 

Bmir. r p r' cha f nge in a stimuius ° n ,he human eye ' bef ° re the * i^&szzs^* 

of a £2£ h 98 ,nt8nS ? y leV8 '' 33 iS 30 3Ver39e °' B(t) after the chan 9 e of density level, and AS is an a^age 
of a tempora change ,n a stimulus on the human eye due to the intensity level adjusting subframe 9 

AS is determined to substantially satisfy 0 s AS s 2(S2 - S1) or 0 s A S § 2{S2 - S3) 
the p"es U e r minve A ntion. 34B *°" " arran96ment ° f bits -responding to subframes according to the second aspect of 

to JH US' ? 4A '. 7'r siti ;. level 1 27 reali2ed by enablin 9 bits b0 10 b 6 for the subframes SFO to SF6 (Rg 1 ) is chanoed 
to intensity level 128 realized by enabling a bit b7 for the subframe SF7. A dark part appearino at th s time i oTnoS 
by enabling equivalent pulses to provide intensity level 63 at a position A. The ^^^^^23 

Whe^r h? ,0 ™, " 8 T Th6n ' * iS dif,iCult to precisely e * press the -tensity leve change 

When the subframes of each frame are arranged in order of SFO to SF7 as shown in Fig 1 the same intensHv le ve . 

63 corresponding to the subframes SFO to SF6 is enabled when intensity level changes from i 27 to 12? Lnd fSn 1 27 

to 130. As a result, it is difficult to finely display the changing intensity levels 

qp/?p^!^ em ', the subframes (light emission blocks) are arranged in order of SF6, SFO SF1 SF2 SF3 
SF4 SF5, and SF7. Namely, the subframe SF6 corresponding to a bit be for providing intensity level 64i -set at th ftoo 
of each frame. The subframe SF6 is enabled when the intensity level changes from 127 to 130 an th subframfs SFO 
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to SF5 are used to display fine intensity level changes. 

Figures 35A to 35C show another arrangement of bits that represent subframes according to the present invention. 

According to the arrangements of Figs. 1 and 34B, it is impossible to disable an equivalent pulse at position B of 
Fig. 35A when intensity level changes from 63 (subframes SF0 to SF5) to 64 (subframe SF6). Accordingly, the bit 
5 arrangement must be changed. 

As shown in Figs. 35B and 35C, the subframes are arranged in order of SF6, SF5, SFO, SF1 , SF2, SF3, SF4, and 
SF7. In this case, intensity level 64 instead of 63 is used to adjust intensity level. As a result, an equivalent pulse for 
intensity level 16 may be disabled at the position B of Fig. 35A when the intensity level changes from 63 to 64. 

Figures 36A to 38B show simulation results carried out at three different scroll speeds according to the second 
io aspect of the present invention. In each simulation, the width of a light emission band is equal to 40 pixels containing 
120 subpixels with 20 left pixels displaying intensity level 127 and 20 right pixels displaying intensity level 128. Light 
emission duty is 100%. Each pixel consists of red (R), green (G), and blue (B) subpixels. 

The scroll speed of the simulation of Figs. 36A and 36B is a pixel (three subpixels) per frame, that of Figs. 37A and 
37B is three pixel (nine subpixels) per frame, and that of Figs. 38A and 38B is five pixels (15 subpixels) per frame. In 
is each drawing, an ordinate represents intensity level, and an abscissa represents subpixels. 

In Figs. 36A, 37A, and 38A, adjacent intensity levels 127 and 128 are scrolled from the left to the right, and an 
equivalent pulse EPS corresponding to intensity level 64 (subframe SF6, i.e., bit b6) is disabled. Intensity levels 127 and 
128 of these drawings are opposite to those of Figs. 25A and 25B. 

In Figs. 36B, 37B, and 38B, adjacent intensity levels 127 and 128 are scrolled from the right to the left, and an 
20 equivalent pulse EPA corresponding to intensity level 64 (subframe SF6, i.e., bit b6) is enabled. Intensity levels 1 27 and 
128 of these drawings are opposite to those of Figs. 25A and 25B. 

In Figs. 36A to 38B, a continuous line indicates a waveform of intensity levels the human eye senses before ena- 
bling/disabling the equivalent pulses EPA and EPS, and a dotted line indicates a waveform after the application of the 
equivalent pulses according to the second aspect of the present invention. 
25 The equivalent pulses EPA and EPS are effective to relax a peak or valley, to suppress a bright or dark line. In Figs. 
36A. 37A, and 38A, a bright line appearing between intensity levels 127 and 128 is canceled by disabling the subframe 
SF6 (bit b6) that provides intensity level 64, thereby dropping the peak of the waveform and preventing false color con- 
tours. In Figs. 36B, 37B, and 38B, a dark line appearing between intensity levels 127 and 128 is canceled by enabling 
the subframe SF6 (bit b6), thereby increasing the valley of the waveform and preventing false color contours. 
30 Figures 39 A to 39 D show the effect of the second aspect of the present invention with an image being moved hor- 
izontally with no false pixels being seen. False pixels are seen when dynamic images are displayed on a matrix display 
unit. For example, a red subpixel is seen at the positions of green and blue subpixels. 

In Fig. 39A, adjacent intensity levels 1 28 and 1 27 are scrolled horizontally from the left to the right without an equiv- 
alent pulse EPA that enables an intensity level adjusting subframe. Figure 39B shows the same scrolling situation as 
35 Fig. 39A but with the equivalent pulse. Figure 39C shows the sum of stimuli for five frames without the equivalent pulse, 
and Fig. 39D shows the same but with the equivalent pulse. 

When no equivalent pulse is applied, a large valley between intensity levels 128 and 127 of Fig. 39C produces a 
dark line. This valley is canceled by the equivalent pulse EPA as shown in Fig. 39D. 

Figures 40A and 40B show the effect of the second aspect of the present invention with an image being moved 
40 diagonally from the lower left to the upper right. 

A dark line appearing between adjacent intensity levels 128 and 127 diagonally moved is canceled by the equiva- 
lent pulse EPA similar to the case of horizontally moving the images. 

Figures 39A to 40B show the effect of the second aspect of the present invention on dynamic images. The effect of 
the same on static images will be explained with reference to Figs. 41 A to 44D. 
45 Figure 41 A shows a temporal change between intensity levels 1 27 and 1 28, and Fig. 41 B shows a temporal change 

in stimuli on the retina with respect to the change of Fig. 41 A. 

Even in a still image, there will be a valley VP in stimuli on the retina when display intensity level changes from 127 
to 128 as shown in Fig. 41 B. In this case, an equivalent pulse EPA for enabling, for example, the subframe for intensity 
level 64 is applied when the intensity level changes from 127 to 128 as shown in Fig. 41 C, thereby reducing a change 
so in the stimuli on the retina as shown in Fig. 41 D. 

Even in a still image, there will be a peak PP in stimuli on the retina as shown in Fig. 42B when display intensity 
level changes from 128 to 127 as shown in Fig. 42A. In this case, an equivalent pulse EPA for disabling, for example, 
the subframe for intensity level 64 is applied when the intensity level changes from 128 to 127 as shown in Fig. 42C, 
thereby reducing a change in the stimuli on the retina as shown in Fig. 42D. 
55 Figures 43A to 43D apply an equivalent pulse EPA for enabling the subframe for intensity level 16 when the inten- 
sity level of a static image changes from 63 to 64. Figures 44A to 44D apply an equivalent pulse EPS for disabling the 
subframe for intensity level 16 when the intensity level of a static image changes from 64 to 63. 

In this way, the second aspect of the present invention prevents intensity level disturbance and false color contours 
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on images, in particular, dynamic images. 

Display units that achieves the method of the second aspect of the present invention will be explained 
Figure 45 is a block diagram showing a display unit according to the present invention. The display unit 1 00 is con- 
nected to a unit 200 for enabling/disabling intensity level adjusting subframes (light emission blocks). The unit 200 
s receives display data 210 and provides adjusted display data 220. 

The display unit 100 has adisplay panel 102. an X-decoder 131. an X-driver 132, a Y-decoder 141 a Y-driver 142 
and a controller 5. The controller 5 controls the decoders and drivers, which drive the display panel 1 02 
the Hi^J^M^ T 9 t iS H*" im ° subframes COW emission blocks) that display individual intensity levels on 
1n ? n ? PW ? ° EaCh t**™*™ cons,sts of an addressing period and a sustain discharge period. The display 

10 panel 102 may be a gas discharge panel such as a plasma display panel, a panel employing DMDs (digital miaomieror 
devices), an EL panel, etc., that employ the frame division technique to display intensity levels 

c „KfI h ^ d,S ?! y Unft , l™° f FiQ 45 may emp ' 0y any kind 01 di5play panel tnat realizes inte "sity levels with the use of 
subframes The unit 200 according to the present invention enables or disables intensity level adjusting subframes 
^ gu-valent pulses, or hght emission blocks) according to the display data 210 and provides the adjusted display daS 

Figure 46 is a block diagram showing an example of the unit 200. 

The unit 200 has a delay unit 310 for delaying the display data 210 by a frame and a unrt 400 for enabling or disa- 
bling intensrty level adjusting subframes. The unit 400 receives the display data 210 for a given frame and display data 

x> ITn Inn Pr6 H h 9 ^ N f Unit 400 enab ' eS ° r diSabl6S me intensity level ad j ustin 9 subfram es in the display data 
20 210 and provides adjusted display data 220. yuma 

F S UrS 47 is a block diagram showing an example of the unit 400 of Fig. 46, according to a first embodiment of the 
second aspect of the present invention. 

The unit 400 has a unit 410 that receives display data 21 0 for a present frame and display data 230 for the preced- 

25 the intensrty level adjusting subframes, according to the preceding display data 230 and the output of the unrt 410 

Figure 48 is a block diagram showing an example of the unit 400 of Fig. 47. Display data 210 shown in Fig 47 for 
a frame n+1 consists of bits b0 n+1 to b7 n+1 indicated with reference numerals 21 1 to 218. Adjusted display data 220 
I To£ u 1 6 frame n+1 00,181515 0f bits b0n+1 ' to b7 " + i' indicated with reference numerals 221 to 228 Display 

so £Ei | h 37Tnd2 F 3?, inC ' UdeS S6C0nd ^ ,irSl N9heSt ^ ^ b? " indiCat6d W ^ refer?nCe 

■ t JIT?" 48 ' the Unit 410 ,0r checkin 9 equivalent pulses consists of two equivalent pulse testers 41 1 and 412 The 
unrt 420 for enabling or disabling the equivalent pulses has units 421 and 422 for receiving output signals 431 and 433 
and polarity signals 432 and 434 from the testers 41 1 and 412. The unit 400 provides the adjusted display data 220 
according to the display data 21 0 for the frame n+1 and display data 230 for the frame n 

35 hi«H T ^i! St f 4 J , 1 0 d ^*f mines tether or not the most signrf icant bits b7 n and b7 n+1 of the frames n and n + 1 areena- 
bled. The tester 412 determines whether or not the second most significant bits b6 n and b6 n+1 of the frames n and n+1 
are enabled. The testers 41 1 and 412 determine the polarity of equivalent pulses, i.e., whether the equivalent pulses 
must be enabled or disabled to turn ON or OFF the intensity level adjusting subframes (light emission blocks) 

40 * J^m^* 1 K°! th .V eSt !, r i 41 1 indi ° ateS Wh6ther ° r " 0t the b? " and b7 -i differ ,rom each other lf '"e output Y1 
« 1 Xn ,t 6 b ' tS b7n and b?n+1 differ fr0m eaCh 0ther ' and H jt is at low ,evel - the bits are equal to each other The 
output Y0 of the tester 41 1 indicates the polarity of the equivalent pulse. If the output YO is at high level the polarity is 
positive to enable the equivalent pulse to turn ON the intensity level adjusting subframe. If the output Yo' is at low level 
the polarity is negative to disable the equivalent pulse to turn OFF the intensity level adjusting subframe 

t!? 1 ? I 9 ,S ? irCUit di39ram Sh0WinQ an example of the tester 41 1 (41 2) for testing an equivalent pulse 

45 The tester 4 1 (41 2) consists of an exclusive OR gate, which provides the outputs Y0 and Y1 according to inputs 
A and B. Each of the testers 41 1 , 41 2. 51 1 . and 512 has the same arrangement as the tester 41 1 of Fig 49 Table 1 
shows truth values of the tester. 



so 
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Table 1 



input 


Output 


Conditions 


B 


A 


Y1 


YO 




L 


L 


L 


X 


• No change 


L 


H 


H 


H 


Apply positive equivalent pulse 


H 


L 


H 


L 


Apply negative equivalent pulse 


H 


H 


L 


X 


No change 



Figure 50 is a logic circuit diagram showing the unit 421 (422) for enabling or disabling the equivalent pulse. The 
15 unit 421 consists of two AND gates AND1 and AND2, an OR gate OR, and an inverter INV The unit 421 provides an 
output Y according to inputs A, B, and S. Each of the units 421 , 422, 521 , and 522 has the same structure as the unit 
421 of Fig. 50. Table 2 shows truth values of the unit 421 . 



Table 2 



Input 


Output 


Conditions 


A 


B 


s 


Y 




X 


L 


L 


L 


No change 


X 


H 


L 


H 


No change 


L 


X 


H 


L 


Negative equivalent pulse 


H 


X 


H 


H 


Positive equivalent pulse 



30 

As shown in Table 1 and Figs. 48 and 49, for example, in the tester (equivalent pulse tester) 41 1, the most signifi- 
cant bit (first highest bit) b7 m . 1 of the frame *'n+1 " (next frame of the frame "n") is supplied to the input A, and the most 
significant bit b7 n of the frame "n" (optional frame) is supplied to the input B. When the signal levels of the inputs A and 
B are not changed, the equivalent pulse is not added or subtracted by bringing the output Y1 at low level "L'\ on the 
35 other hand, when the signal levels of the inputs A and B are changed, the equivalent pulse is added or subtracted by 
bringing the output Y1 at high level *'H". As clearly shown in Fig. 49, the signal level of the output YO is the same as that 
of the input A. 

As shown in Table 2 and Figs. 48 and 50, for example, in the unit (equivalent pulse enabling or disabling unit) 421 , 
the output Y1 (output signal of the XOR gate) of the tester 41 1 is supplied to the input S, the output YO (b7 n+1 ) of the 
40 tester 41 1 is supplied to the input A of the unit 421 , and the second highest bit (b6 n+1 ) of the frame "n+1 " is supplied to 
the input B of the unit 421 . 

Therefore, when the most significant bits b7 n and b7 n+1 of the frames n and n+1 are different from each other, the 
input S of the unit 421 is at high level "H", and the output of the AND gate (AND2) is appeared as the output Y of the 
unit 421 through the OR gate. Concretely, when the most significant bit b7 of the frame n is disabled (low level "L": for 

45 example, intensity level 127) and the most significant bit b7 n+1 of the frame n+1 is enabled (high level "H": for example, 
intensity level 128), both of the inputs S and A of the unit 421 are at high level "IT, so that a positive equivalent pulse 
(for example, intensity level 64) is added to the original signal (display data 210), or an equivalent pulse is enabled. On 
the other hand, when the most significant bit b7 of the frame n is enabled ("H") and the most significant bit b7 n+1 of the 
frame n+1 is disabled ("L"), the input S of the unit 421 is at high level "H" and the input A of the unit 421 is at low level 

so "L", so that a negative equivalent pulse is added to (equivalent pulse is subtracted from) the original signal, or an equiv- 
alent pulse is disabled. 

In Fig. 48, the equivalent pulse tester 412 and equivalent pulse enabling or disabling unit 422 receive the bit signals 
b6 n+1> b6 n , and b5 n+1 which are lower by one bit rank than the bit signals (b7 n+1 , b7 n , and b6 n+1 ) for the tester 41 1 and 
unit 421 , and carry out the same processes of tester 41 1 and unit 421 for the one bit lower signals. Note that the oper- 
55 ations (output levels against input levels) of each equivalent pulse tester and each equivalent pulse enabling or disa- 
bling unit shown in Figs. 51 , 53, 54, and 57 to 69 are the same as the above embodiments. 

Figure 51 is a block diagram showing another example of the unit 400 of Fig. 47. The unit 400 consists of two equiv- 
alent pulse testers 41 1 and 412, units 421 and 422 each for enabling or disabling an equivalent pulse, and nine delay 
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bitbV 90 ™t 9 L!T e "? ?d Pr °r deS 3n OUtpUt Signa ' 435 that is formed * enabli "9 or disabling a signal 21 7 i e 
£w *«25 96 ™ ^ ^ 436 and 437 » d ^ ^ ™ WW arid 216 

The unit 400 of Fig 51 relates the status of the higher equivalent pulse to the status of the lower equivalent Dulse 

fo r tl ?? VFFiS? f 2 r the second highest bit for the sub,rame sFe * or dJIinLSSESE 

Figure 52 is a block diagram showing another example of the unit 400 of Fig 46 accordino to a second *mhodi 
ment of the second aspect of the present invention. accoraing to a second embodi- 

In Figs. 52 and 47, the display data 210 and 230 are supplied oppositely. 

The unit 400 of Fig. 52 has an equivalent pulse tester 41 0 for receiving display data 21 0 for a aiven f ram* a ^ di<= 

The unit 400 of Fig. 47 handles frames each having subframes (light emission blocks) that are arranoad in «„nH 
SSH ^reof. The unit 400 of Fig. 52 handles frames JS2£SZ!fi 

blocks) that are arranged in descending order of the intensity levels thereof frames (light emission 

Figure 53 is a block diagram showing an example of the unit 400 of Fig. 52, and Fig 54 is a block diaoram *ho«,inn 
another example of the unit 400 of Fig. 52. diagram showing 

b7 TofFiS 47^ 5 T 54 „ handle S ! 9nalS 231 40 238 (b °" tD b?n) inStead of the si 9 n ^ 21 1 to 218 (b0 n+1 to 
theS^ 

The unit 200 has delay units 310 and 320 each for providing a delav of a frame and a . ,n» *nn w A ~ w 
atflng intensity , eve. adjusting subframes (light emission btocS) Z Z 50oTe cTes dXdaTa 2 ?Z £ 
frame, display data 230 for the preceding frame, and display data 240 for two frames ba<* T2 h . 
220 with enabled or disabled intensity level adjusting subframes P d6S d ' SP ' ay data 

™^ * - " 500 « * * -cording to thi* and fourth embodi- 

hr J be Un " 500 , has an .*l"ivalent pulse tester 51 0 for receiving display data 210 for a given frame disolav data 230 

lu.f~ Tho ^n" 16, ^ d ',? Play d3ta 240 for •"° f rames back ' and a unit 520 for enabling ££22oU£2 
pulses. The unit 520 receives the display data 230 and the output of the tester 510 a.saoimg equrvalent 

<,nn^yr ? ,S 3 b l°t dia9ram Sh0Wing an 6Xamp,e of ,he unit 500 of R 9- 56 according to the third embodiment A 
signal 217 represents the second highest bit b6 n+1 of the display data 210. Signals 221 to 228 repre^rTbitebO to 
b7 n+1 . that are formed by enabling or disabling the bits of the display data 210 Signals 231 to 238 ri7^ th. hiS 

n ?he 7 ^ LToiif r* 3 23 °, Asi9nai 248 represents the ^^'^^SSSSS^ 

The unit 510 has two equivalent pulse testers 511 and 512. The unit 520 consists of two units 521 and s?? for 
receiving oufout signals 531 and 533 and polarity signals 532 and 534 from the tested and 512 f The^unft sS 

s^r 0 e 2« 

they^^ 

jt^to enable the intensity level adjusting subfram^^^^ 
Theun^^ 

Tht Sd 5 ?! 0 ^ 9 ' 58 re ' ateS StatUS ° f 3 hi9her equiva,enl pulse t0 the status ° f a 'ower equivalent pulse 
ThJ 1 t?L. 0dlment arran9eS ' e9Ch frame ' subframes in order of SF5. SF4. SF0 SF1 SF2 SF3 and SF7 

So and SF? r?' m rr enti ° ned be '° W arran96S ' * «* ^ SUbframeS in Of SF7 SF4 SF3 SF2 I7l 

a^s^y^^rri subframes of ,he fourth embodiment ° f R - 59 - 60 is ~ 
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Figure 59 is a block diagram showing an example of the unit 500 of Fig. 56, according to the fourth embodiment, 
and Fig. 60 is a block diagram showing another example of the unit 500 ol Fig. 56, according to the fourth embodiment. 

The units of Figs. 59 and 60 handle signals 247 (b6 n .-,) and 218 (b7 n+1 ) instead of the signals 21 7 (b6 n+1 ) and 248 
(b7 n . 1 ) of Figs. 57 and 58. The other parts thereof are the same as those of Figs. 57 and 58. 
5 The units 400 and 500 for enabling/disabling intensity level adjusting subframes (light emission blocks) may be 

lookup tables stored in a RAM or ROM. 

Figure 61 shows a modification of the unit for inserting the light emission block of Fig. 46. In Fig. 46, reference 
numeral 310 denotes a frame memory (delay unit) for delaying original signal (display data) by one vertical synchroniz- 
ing period (1 V), 400 denotes a unit for adding intensity level adjusting light emission block, 410 denotes a unit for testing 
10 equivalent pulse, and 420 denotes a unit for adding equivalent pulse. 

As shown in Fig. 61, in the present modification, the unit for testing equivalent pulse 410 comprises a comparator 
410a and LUT (look up table: ROM) 410b, and the unit for adding equivalent pulse 420 is constituted as an adder. The 
comparator 410a compares the bit data of the frames n and n+1 , when specific bit data is changed from an enabling 
state (ON) to a disabling state (OFF), then the LUT 410b outputs "+1 "; when specific bit data is changed from the dis- 
15 abling state to the enabling state, then the LUT 410b outputs "-1"; and when specific bit data is not changed between 
both frames n and n+1 , then the LUT 410b outputs "0". 

The LUT 410b is, for example, constituted as a ROM where predetermined data are written, and a predetermined 
equivalent pulse is output from the LUT 41 0b in accordance with the output of the comparator 410a. Note that the equiv- 
alent pulse output from the LUT 410b has a positive or negative symbol. The adder 420 adds (adds or subtracts) the 
20 equivalent pulse to the display data 210, and output an adjusted display data 220. 

Figure 62 shows another modification of the unit for inserting the light emission block of Fig. 46. 

In the unit for inserting the light emission block of Fig. 62, the unit for adding intensity level adjusting light emission 
block 400 is constituted as a ROM, the bit data of the frame n (delayed signal 230 by 1 V) output from the frame memory 
310 and the bit data of the frame n+1 display data 210) are input to the ROM 400, and adjusted display data 220 cor- 
25 responding to the bit data of the frames n and n+1 is directly output. The signals supplied to the input A* of the unit 400 
are changed in accordance with the number of compared bit signals. For example, when the number of compared bit 
signals is two (b7 and b6), the input A* of the unit 400 receives two bit signals. 

Figure 63 is a flowchart showing an operation of the display unit according to the second aspect of the present 
invention. This operation employs a frame having separate addressing periods and sustain discharge periods (light 
30 emission periods). 

Step S31 produces red (R), green (G), and blue (B) signals. Step S32 stores signals of aframe "n" in a frame mem- 
ory. Step S33 stores signals of a frame "n+1 " in a frame memory. 

Step S34 checks the most significant bit b7 of each pixel in the signals of frames n and n+1 . Step S35 carries out 
a process according to the most significant bits b7 of the frames n and n+1 . 
35 More precisely, step S35 carries out nothing if the bits b7 of the frames n and n+1 are both enabled or disabled. If 
the bit b7 of the frame n is disabled and the bit b7 of the frame n+1 is enabled, step S35 enables a positive equivalent 
pulse EPA for enabling, for example, the bit b6 for intensity level 64 in the frame n+1 . If the bit b7 of the frame n is ena- 
bled and the bit b7 of the frame n+1 is disabled, step S35 enables a negative equivalent pulse EPS for disabling the bit 
b6 for intensity level 64 in the frame n+1 . 
^0 Step S36 checks the second highest bit b6 of each pixel in the frames n and n+1 . Step S37 carries out a process 
according to the bits b6 of the frames n and n+1 . 

More precisely, step S35 carries out nothing if the bits b6 ot the frames n and n+1 are both enabled or disabled. If 
the bit b6 of the frame n is disabled and that of the frame n+1 is enabled, step S37 enables a negative equivalent pulse 
EPS for disabling, for example, the bit b4 for intensity level 16 in the frame n. If the bit b6 of the frame n is enabled and 
45 that of the frame n+1 is disabled, step S37 enables a positive equivalent pulse EPA for enabling the bit b4 for intensity 
level 16 in the frame n. Step S38 displays an image on the display panel such as a plasma display panel according to 
the display data thus prepared. 

Figure 64 is a flowchart showing another operation of the display unit according to the second aspect of the present 
invention. This operation employs a fame that distributes an addressing period into sustain discharge periods as 
so shown in Fig. 28B. Alternatively, each frame may consists of subframes (light emission blocks) that provide individual 
intensity levels. Steps S41 to S46 of Fig. 64 are equal to steps S31 to S36 of Fig. 63. 

Step S46 checks the second highest bit b6 of each pixel in the frames n and n+1 . Step S47 carries out a process 
according to the bits b6 of the frames n and n+1 . 

More precisely, step S47 carries out nothing if the bits b6 of the frames n and n+1 are both enabled or disabled. If 
55 the bit b6 of the frame n is disabled and that of the frame n+1 is enabled, step S47 enables a positive equivalent pulse 
EPA for enabling, for example, the bit b4 for intensity level 1 6 in the frame n+1 . If the bit b6 of the frame n is enabled 
and that of the frame n+1 is disabled, step S47 enables a negative equivalent pulse EPS for disabling the bit b4 for 
intensity level 16 in the frame n+1. Step S48 displays an image on the display panel such as a plasma display panel 
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according to the display data thus prepared. 

The present invention is applicable not only to gas discharge panels such as plasma display Danels but also tn 
other frame-d^ion display panels such as panels employing DM* • (digital micromfnS dLcS) In?EL pa^ls 

As explamed above, the second aspect of the present invention enables or disables irrtenJty levelSna sub 

22 VT 9 SUb,ram6S ° f COnsecutive ,rames ** display different intensity levS ZEJ p^eSSnten^ 

l2S2K r ea K^ and fa,Se CO, ° r C ° nt0Ure in ^P 13 ^ ima 9 es ' in P artic i dynamic images 9 ^ 
embochments of the present invention- may be constructed without departing from the spirit and 

iK^ssasr sp^icatr be understood that the present ■ * - s~ * ijss 



Claims 
1. 



3. 



5. 



Camfo?!h^ d a min^n ha,ft t 0ne t* 9 * ° n 3 diSP ' ay by USi " 9 a frame division techni 9 ue divides each 
frame of the halftone .mage .nto subframes each having a specific sustain discharge period to provide a soecific 
intensity level, comprising the step of: proviae a specmc 

changing a displayed position of the halftone image on said display unit from subframe to subframe in each 

A method of displaying a halftone image as claimed in claim 1 , wherein the displayed position in each subframe is 
successively advanced between a first position determined by display data provided for a M £™ arc a^eSS 
position determmed by display data provided for a second frame next to said first frame 

A method of displaying a halftone image as claimed in claim 2. wherein the displayed position in each subframe is 
determmed according to a motion vector set between the first position and the second position. 

A method of displaying a halftone image as claimed in claim 2, wherein the displayed position in each subframe is 

*°T* ** det6rmined by 3 ,UnCti0n that is sel acco " di "9 * clJS^JKJKJ 
subframes constituting the frame and the position of the halftone image in a specific subframe. 

A method of displaying a halftone image as claimed in claim 4, wherein said method further comprises the steps of: 

displaying the halftone image at the first position in one of the subframes having a highest intensity level 
hnding a delay t,me between the highest intensity subframe and each of the other subframes 
dividing each of the delay times by a frame period; 

multiplying each of the quotients by the motion vector, to provide each subframe vector- 
calculating positions according to the subframe vectors; and 

displaying the halftone image at the calculated positions in the corresponding subframes. 

at a^ * ^ * ^ 5 ' Wh6rein an ori 9 in of the ™ tion ^tor is determined 

at a start position of a sustain discharge period of the subframes, and the delay time of each subframe is deter 
mined at a start position of a sustain discharge period of a corresponding subframe. 

A method of displaying a halftone image as claimed in claim 5, wherein an origin of the motion vector is determined 
at a center position of a sustain discharge period of the subframes, and the delay time of each suS ame isTe^ 
m.ned at a center position of a sustain discharge period of a corresponding subframe. 

A method of displaying a halftone image as claimed in claim 4, wherein said method further comprises the steps of: 

selecting one of the subframes as a vector origin; 
displaying the halftone image in the selected subframe; 

finding a delay time between the selected subframe and each of the other subframes- 
dividing each of the delay times by a frame period; 

multiplying each of the quotients by the motion vector, to provide each subframe vector- 
calculating positions according to the subframe vectors; and 

displaying the halftone image at the calculated positions in the corresponding subframes. 
A method of displaying a halftone image as claimed in claim 8, wherein an origin of the motion vector is determined 
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at a start position of a sustain discharge period of the subframes, and the delay time of each subframe is deter- 
mined at a start position of a sustain discharge period of a corresponding subframe. 

1 0. A method of displaying a halftone image as claimed in claim 8, wherein an origin of the motion vector is determined 
5 at a center position of a sustain discharge period of the subframes, and the delay time of each subframe is deter- 

mined at a center position of a sustain discharge period of a corresponding subframe. 

A method of displaying a halftone image as claimed in claim 8, wherein, when the number of subframes to be 
turned ON in the frame is smaller than a predetermined number, said method further comprises the steps of: 

forming at least one subframe groups; 
selecting one of the subframe groups as a vector origin; 
displaying the halftone image in the selected subframe group; 

finding a delay time between the intensity level center of the selected subframe group and the intensity level 
center of each of the other subframe groups; 
dividing each of the delay times by a frame period; 

multiplying each of the quotients by the motion vector, to provide each subframe group vector; 
calculating positions according to the subframe group vectors; and 

displaying the halftone image at the calculated positions in the corresponding subframe groups. 

A method of displaying a halftone image on a display unit by using a frame division technique that divides each 
frame of the halftone image into subframes each having a specific sustain discharge period to provide a specific 
intensity level, comprising the step of: 

25 turning OFF at least one of subframes that are coupled together when displaying the halftone image with dif- 

ferent intensity levels, thereby suppressing a bright part to be produced by the coupled specific subframes. 

1 3. A method of displaying a halftone image as claimed in claim 1 2, wherein the number of subframes to be additionally 
turned OFF or ON is determined according to a scroll speed of the halftone image or the intensity levels. 

30 

14. A method of displaying a halftone image as claimed in claim 12, wherein the subframes adjacent to the specific 
subframes are turned OFF or ON, when the scroll speed of the halftone image is high. 

15. A method of displaying a halftone image on a display unit by using a frame division technique that divides each 
35 frame of the halftone image into subframes each having a specific sustain discharge period to provide a specific 

intensity level, comprising the step of: 

turning ON at least one of subframes that are OFF when displaying the halftone image with different intensity 
levels, thereby suppressing a dark part that are produced by the specific subframes. 

40 

16. A method of displaying a halftone image as claimed in claim 15, wherein the number of subframes to be additionally 
turned OFF or ON is determined according to a scroll speed of the halftone image or the intensity levels. 

17. A method of displaying a halftone image as claimed in claim 15, wherein the subframes adjacent to the specific 
45 subframes are turned OFF or ON, when the scroll speed of the halftone image is high. 

18. An apparatus for displaying a halftone image on a display unit by using a frame division technique that divides each 
frame of the halftone image into subframes each having a specific sustain discharge period to provide a specific 
intensity level, comprising: 

£0 

a motion vector detection unit for detecting a motion vector that indicates a moving direction of the halftone 
image, by comparing display data for a first frame of the halftone image with display data for a second frame 
next to the first frame; and 

a differing unit for changing the display position of the halftone image from subframe to subframe in the first 
55 frame according to the motion vector. 

19. An apparatus for displaying a halftone image as claimed in claim 18, wherein said apparatus further comprises: 
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SI £ S2 - AS ^ S3 

where S1 is an average of B(t), which is a temporal change in a stimulus on a human eye, before the change 
of intensity level, S2 is an average of 6(t) during the change of intensity level, S3 is an average of B(t) after the 
5 change of intensity level, and AS is an average of a temporal change in a stimulus on a human eye due to the 

intensity level adjusting subframe. 

24. A method of displaying a halftone image as claimed in claim 20, wherein the step of enabling or disabling the inten- 
sity level adjusting subframe comprises the step of: 

10 

enabling an intensity level adjusting subframe to substantially satisfy the following expressions: 

0 ^ as =i 2(S2 -S1) 

is or 

0 ^ AS ^ 2(S2 - S3) 

where S1 is an average of B(t), which is a temporal change in a stimulus on a human eye, before the change 
20 of intensity level, S2 is an average of B(t) during the change of intensity level, S3 is an average of B(t) after the 

change of intensity level, and AS is an average of a temporal change in a stimulus on a human eye due to the 
intensity level adjusting subframe. 

25. A method of displaying a halftone image as claimed in claim 20, wherein the intensity level adjusting subframe is 
25 enabled or disabled at or around the center of original subframes that are enabled to provide different intensity lev- 
els between consecutive frames. 

26. A method of displaying a halftone image as claimed in claim 20, wherein the subframes are arranged in order to 
enable or disable the intensity level adjusting subframe at or around the center of original subframes that are ena- 

30 bled to provide different intensity levels between consecutive frames. 

27. A method of displaying a halftone image as claimed in claim 26, wherein the subframes of each frame are arranged 
such that one having the highest intensity level and one having the second highest intensity level are not adjacent 
to each other. 

35 

28. A method of displaying a halftone image on a display unit by using a frame division technique that divides each 
frame of the halftone image into subframes each having a specific sustain discharge period to provide a specific 
intensity level, comprising the steps of: 

40 comparing display signals provided for consecutive frames with each other; and 

enabling or disabling a predetermined bit of the display signals according to a result of the comparison. 

29. A method of displaying a halftone image as claimed in claim 28, wherein the step of enabling or disabling the pre- 
determined bit of the display signals comprises the step of: 

45 

enabling or disabling a predetermined bit of a display signal provided for a given pixel when the intensity level 
of the pixel is changed temporally, thereby enabling or disabling an intensity level adjusting subframe of the 
pixel. 

so 30. A method of displaying a halftone image as claimed in claim 28, wherein the step of enabling or disabling the pre- 
determined bit of the display signals comprises the step of: 

enabling or disabling a predetermined bit of a display signal provided for a given pixel when the intensity level 
of the pixel is changed temporally, thereby enabling or disabling an intensity level adjusting subframe of the 
55 pixel and smoothing a change in the intensity level of the pixel between consecutive frames. 

31. A method of displaying a halftone image as claimed in claim 28, wherein the step of enabling or disabling the pre- 
determined bit of the display signals comprises the steps of: 
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36. A method of displaying a halftone image as claimed in claim 28, wherein the subframes in each frame are arranged 

disabling a predetermined intensity level adjusting bit of a display signal provided for a frame "n" when the hioh- 
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37. A method of displaying a halftone image as claimed in claim 28. wherein the subframes in each frame are arranaed 
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39. A method of displaying a halftone image as claimed in claim 28, wherein the subframes in each frame are arranged 
with one having the second highest intensity level at the top and one having the highest intensity level at the end, 
and the step of enabling or disabling the predetermined bit of the display signals comprises the step of: 

5 disabling a predetermined intensity level adjusting bit of a display signal provided for a frame "n + 1 " when the 

highest intensity subframe of a frame "n" is enabled and when the highest intensity subframe of the frame "n + 
Vis disabled. 

40. A method of displaying a halftone image as claimed in claim 28, wherein the subframes in each frame are arranged 
10 with one having the highest intensity level at the top and one having the second highest intensity level at the end, 

and the step of enabling or disabling the predetermined bit of the display signals comprises the step of: 

disabling a predetermined intensity level adjusting bit of a display signal provided for a frame "n +1" when the 
highest intensity subframe of a frame "n" is disabled and when the highest intensity subframe of the frame "n 
is + 1 " is enabled. 

41 . A method of displaying a halftone image as claimed in claim 28, wherein the subframes in each frame are arranged 
with one having the highest intensity level at the top and one having the second highest intensity level at the end, 
and the step of enabling or disabling the predetermined bit of the display signals comprises the step of: 

20 

enabling a predetermined intensity level adjusting bit of a display signal provided for a frame "n +1" when the 
highest intensity subframe of a frame "n" is enabled and when the highest intensity subframe of the frame M n + 
1" is disabled. 

25 42. An apparatus for displaying a halftone image on a display unit by using a frame division technique that divides each 
frame of the halftone image into subframes each having a specific sustain discharge period to provide a specific 
intensity level, comprising: 

a frame memory for storing display data of a given frame; 
30 a comparator for comparing the display data stored in the frame memory with display data of the next frame; 

and 

a data addition unit for adding data from the comparator to the display data of one of the frames. 
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